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In the study of patients with known or suspected 
cardiac disease, it frequently becomes necessary to 
accurately determine their circulatory efficiency. 


Two of the many factors influencing the mainten- 
ance of cardiovascular efficiency are the cardiac 
output and the velocity of blood flow. Many improve- 
ments have been made in the methods for estimating 
the cardiac output, but it still remains a complicated 
and highly technical research and laboratory pro- 
cedure. In the last decade, however, increasing at- 
tention has been paid to means of measuring the 
velocity of blood flow. The technique has been so 
simplified and improved that today it is an easily 
performed bedside and office procedure. 


Fundamentally, measurement of the velocity of 
blood flow (or circulation time) requires the intro- 
duction of a foreign substance into the blood stream 
at one point, and the subjective or objective percep- 
tion of the time of its arrival at another part of the 
body. Today the usual procedure consists of the in- 
jection of one of a number of preparations into an 
antecubital vein and the measurement at the time 
necessary for this substance to reach the neck, face, 
or pharynx. 

The end point depends upon the substance used 
in the test. For this procedure there have been sug- 
gested among other things histamine, sodium 
cyanide, calcium chloride, magnesium sulphate, de- 
cholin, saccharin, fluoroscein, alpha-lobeline and 
calcium gluconate. Decholin, saccharin, magnesium 
sulphate and calcium gluconate all produce fairly 
uniform results in measuring the “arm-to-tongue” 
circulation time. The calcium gluconate method will 
be described ‘in detail below. 


A further refinement has been the introduction of 
the ether or “arm-to-lung” circulation time test by 
Hitzig. Though other volatile agents have been sug- 
gested for obtaining the “arm-to-lung” time, the 
ether test is the one preferred. Using these two pro- 
cedures, we can determine not only whether there 
is any delay in the velocity of blood flow, but whether 
the delay is due to right heart failure or left heart 
failure, or both. 

Method 

With the patient in the recumbent posture, a 
venipuncture is done with an 18 gauge needle and a 
10 cc. syringe containing 8 c.c. of a 20% solution 
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of calcium gluconate. Four cubic centimeters are in- 
jected rapidly and the injection timed from the 
instant it is begun until the “end point.” This end 
point is a sensation of heat in the back of the throat 
and tongue. A duplicate measurement is made with 
the remainder of the solution. With the same needle 
in situ or by another venipuncture the “arm-to- 
lung” time is determined. Here 0.3 c.c. of ether and 
0.3 c.c. of normal saline are injected rapidly. The 
end point which is both subjective and objective, is 
the perception of ether vapor in the upper respira- 
tory passages. 

The ether time is the time necessary for the ether 
to pass from the antecubital vein through the 
superior vena cava and right heart to the pulmonary 
artery and lungs. Ether is so readily diffusible that 
the time required to reach the upper respiratory 
passages is negligible. The ether “arm-to-lung” time 
is therefore an index of the functional activity of 
the right heart. In normal individuals it ranges from 
8.0 to 8.0 seconds, with an average of 5.8 seconds. 
When right heart failure develops, the ether circula- 
tion time becomes prolonged. With very rare excep- 
tions, an ether time within the range of normal is 
evidence against the presence of right heart failure. 


The “arm-to-tongue” time is that required for the 
injected material to pass from the antecubital vein 
through the right heart, the lungs, the left heart, 
and the aorta and its branches, to the tongue. The 
velocity of blood flow from aorta to tongue is very 
rapid, so that the difference between the “arm-to- 
lung” time and “arm-to-tongue” time is an accurate 
measure of left heart circulation. The determination 
of the left heart time is one of the best methods 
available for estimating the velocity of pulmonary 
blood flow. 


The normal “arm-to-tongue” circulation time 
varies from 9 to 16 seconds, with an average of 12.1 
seconds. As heart failure becomes apparent, and 
sometimes even before it is clinically manifest, this 
becomes prolonged beyond 16 seconds. Therefore, 
these procedures may be used to confirm the clinical 
diagnosis of cardiac failure. Of inestimable value 
also are their use in the differential diagnosis of con- 
ditions that mimic cardiac failure. 


Circulation times have been performed in many 
cases of acute and chronic pulmonary disease exhib- 
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iting cough, dyspnea, and cyanosis. Normal right and 
left heart times are obtained in emphysema, pneu- 
monia, lung abscess, bronchiectasis, bronchitis, pneu- 
moconiosis, and tuberculosis. Charr and Savacool 
have shown that the prolongation of the ether time 
in cases of chronic pneumoconiosis is indicative of 
the development of right heart failure. Pleural effu- 
sion, cyanosis, or dyspnea may frequently be asso- 
ciated with mediastinal, pleural or pulmonary 
malignancy, Pick’s syndrome, tuberculosis, empy- 
ema, or atelectasis. But in all these conditions the 
circulation times are usually within normal range. 
Normal results have repeatedly been obtained in 
bronchial asthma, unilateral functioning lung, mas- 
sive pleural effusion in Hodgkin’s disease or nephro- 
sis, and pneumothorax. With few exceptions, chronic 
pulmonary insufficiency not complicated by heart 
failure will exhibit circulation times within the 
limits of normal. 

Oppenheimer and Hitzig, Baer, Weiss and Klein- 
bart and others have demonstrated the value of the 
circulation times in differentiating cardiac failure 
from pulmonary insufficiency. Even in those patients 
with chronic pulmonary disease and pure right heart 
failure the clinical symptoms appeared out of pro- 
portion to the degree of retardation of circulation 
through the lungs. 


A further value of the measurement of circula- 
tion times is the ability to follow the progress of pa- 
tients bedfast with cardiac failure. As the circula- 
tory status of the patient improves, the circulation 
times which were prolonged gradually return to nor- 
mal. Many times we have seen patients in heart 
failure first exhibit calcium gluconate times of 25-30 
seconds. As their cardiac condition improved under 
rest and digitalization, the “arm-to-tongue” time 
gradually decreased toward normal. Patients with 
cardiac failure should be allowed to become ambu- 
lant only when the evidence of cardiac failure has 
disappeared clinically and the circulation times have 
returned to within or almost within normal limits. 


Hypothyroidism and hyperthyroidism also pro- 
duce changes in the velocity of blood flow. The “arm- 
to-tongue” circulation time is usually prolonged be- 
yond 15-16 seconds in hypothyroidism. In hyperthy- 
roidism on the contrary, the circulation time is more 
rapid than normal. Goldberg, Blumgart, Baer, and 
Isard and others have demonstrated the more rapid 
“arm-to-tongue” circulation time in hyperthyroid- 
ism, frequently obtaining figures of 7 and 8 seconds. 
The average in a series of cases of hyperthyroidism 
was 8.9 seconds, with 90% of the cases exhibiting 
times below 10 seconds. This test therefore may be 
used as an aid in the diagnosis of hyperthyroidism. 
Its value in the diagnosis of hyperthyroidism can be 
carried still further. The determination of masked 
hyperthyroidism in patients with cardiac failure is 
sometimes a very difficult problem. In these cases, 
the circulation time may be very valuable. Since it 
has been conclusively demonstrated that cardiac 
failure is accompanied by a prolongation of the 
“arm-to-tongue” time, a normal circulation time in 
the presence of undoubted signs of heart failure 
should make one search for factors tending to in- 
crease the velocity of blood flow. It has been found 
for example in a large series of cases, that the aver- 
age “arm-to-tongue” circulation time in cases of 
hyperthyroidism with failure was 13 seconds. 


A number of other conditions may influence the 
velocity of blood flow. The circulation time is rapid 
in artificial fever and anemia. It is prolonged in 
polycythemia vera. It has been shown that patients 
with prolonged circulation times were poorer surgi- 
cal risks and had higher operative mortalities. 


It must be remembered that the circulation time 
test is only a measure.of the velocity of blood flow; 
it cannot tell us how much work the heart can do. 
But as an aid in determining the circulatory status 
of a patient or in the differential diagnosis of a num- 
ber of conditions, it can be a very valuable procedure. 
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